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Fate of the Gold King Mine

released metals |
— Approximately 500,000 kg B
estimated to have been
delivered from mine to
Animas River at Silverton

* 1% from within mine

* 99% from waste pile outside

— 90% of mass deposited in

the Animas River
(most between Silverton and
Durango CO)

— 5% deposited in the San

Juan River
(distributed over 250 km)

— 5% to Lake Powell
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CURRENT QUESTIONS: What Was Left Behind

Sludge-like material

Colloids (Paint-like)

* What were the Gold King effects on
water quality after the event?

® Has water quality returned to
pre-event conditions?

“ Was there be a second wave of
contamination during 2016 snowmelt
when high flows could mobilize deposits?

Deposits along channel margins

® Can we recognize the Gold King
influence given the pre-existing
contamination from historic mining?
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ORD produced hydrologic and geochemical evaluations of the Gold Ki
release during and for a year following the release

Post event water quality response from August to October 2015 varied
location
— Animas in Colorado returned to background

— Animas in New Mexico and San Juan River had some elevated metals
above expected

2016 snowmelt had elevated metals throughout the system-——

partly from Gold King, partly from historic mining impacts
— Model results and analyses indicate GKM metals now out of rivers
— 2016 samples after snowmelt at pre-event levels at all locations

-  We have a ‘“fingerprint’’ unique to identify metals of the Gold King release

There were some water quality exceedances before, during the plume
and post event varying by location and state or tribe, some due to Gold
King

ORD findings will help inform EPA monitoring and reporting

Animas at Bakers Bridge
{above) and popular
swimming beach north of
Durango (right)

August 2016

Both areas experienced
high settling rates during
plume
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Gold King release effects on water quality depended on where and when

= August 2015

Deposition of materials

» Sampling
Hiatus

Sept-Oct 2015

E

through entire 550 km river .

WQ returned towards
background within days

Adjustments to water
chemistry into August
(1-3 weeks)

Low point in most
metals going into
winter
Post event water quality varied

by location

Some water quality criteria
exceedances

Extensive monitoring reveals
chronic water quality
exceedances not related to
Gold King

» March —June
2016

» July-Aug 2016

Mass analysis
and water
quality suggests
Gold King
release out of
river system

Expect elevated metals in upper
Animas due to past contamination

Metals elevated during snowmelt
throughout the system

Some evidence of additional
metals due to Gold King

Metals in sediment and water
back to low concentrations by end
of snowmelt

August — November 2016
Water and sediment
concentrations are the
same or lower than

Fall 2015

5

ED_004888_00035966-00005




Sediment:
* Deposited metals reflect historic

--Concentrations decreased in water ..
contamination

and sediment moving down river from

. . No statistical change from historic
the Gold King during plume g
TOtaI Lead in Water I0,000 . Recreation RBC = 20,000 Lead in Sediment
Gold King Plume  ==-Dilution Max @Post GKM Release
& Historic 4 USGS Historic (Church et al. 1997)
1,000.000 5 $USGS Historic at Gages
POST GOLD KING MONITORING ' 815 through 8111 1,000 - cEPA Superfand
¢ 1,400 total and dissolved water samples 100.000 - 3 &
through 8/27/2016 =S H o -
o5 10.000 E ﬁ 100 o O 8 AquaticLife PEC= 128
- & 3 b :
* 820 sediment samples through 9/1/2016 = 1a : 2 @;3%
— TS I
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0.010 5° o g 8
3 3 :
e Hundreds of water samples | DU o TINGNE FOUTCOMETS e ®
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b 30"50 sediment samples 0 50 100 150 200 Animas River San Juan River

Distance from GKM Source (km)
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Limited to locations
where pre-event
data existed

Comparisons with
pre-event limited by _
available historic
data

Significantly
reduced number of
post-event
monitoring samples
that could be used

Concentration {ugd

Statistical comparisons between
pre- and post-event samples

Dissolved Arsenic
Durango

£
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Post-Event Mean =0.4 i é'

LB PN -8 BB -8 s-....88

Pre-Event Mean = 0.2
130 140 160 180 200
Flow, ofs

Correlation analysis
between trace metals
and aluminum or iron

Lead in Relation to Aluminum
in San juan River

Concentration (ug/L)
=
(=]

@

TOTALLEAD ¢

& Post

100 1,000 10,000 100,000 1,000,000

Aluminum Concentration (ug/L)

&

Relationship between
trace metals and
Aluminum or lron is an
indicator of expected
background levels in
sediments and water

Used in project as a
sensitive signature of the
of Gold King metals

®  Maximizes use of
available data

*  Even a limited amount
of historic data is useful

Lead high for amount of
background aluminum as Gold
King plume passed through
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Animas River in Colorado
(RK 0 to 150):

* returned to
pre-event levels in the weeks
after the release

* stayed there through the winter

Animas River in New Mexico
(RK 150 to 192):

* Initially returned to lower levels
(15 days)

* Most dissolved metals
increased after Aug 27 storm

San Juan River
(Rk 193 to 540)

* Increased Aluminum and Iron
in Animas carried into San Juan

Immediate: Aug 5 to Aug 19
Later : after Aug 19

Aluminum and Iron
oxides were a major
component of
deposited precipitates

Gold King deposits
influenced water
chemistry over an
extended period

Aug 27-October 30+
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Animas at Durango (RK 89-99)

& Lead

Animas at
Durango CO

WATER

SEDIMENT

Event to
August 2016

&

Plots include every sample within 10 km of Animas in the city of

Durango plotted sequentially in time— PLOTS COMPRESS TIME

b

&

&

Water concentrations receded over
2 - 3 week period after the plume

Trace metals very low during Fall 2015
(lower than historic)

Metals increased and declined with flow
during snowmelt

Concentrations back to low levels in
August 2016

Background sediment metals are high due
primarily to legacy mining

Sediment metals concentrations variable
but relatively unchanged during Fall
months and snowmelt

Aluminum in the recent deposits “active”

T eve v penben
ST SLOTs 9
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We expected increased
metals concentrations
during snowmelt based on
historic observations

— Concentration
increase was not large

— Volume of water
carries a lot of mass

Metals concentrations
appeared to increase a
small amount early in
snowmelt due to Gold
King relative to expected

Concentrations returned
to low levels by end of
snowmelt

Concentration {(mgfl}

Lead Concentration {mg/fL}

Particufate Lead Concentration at Durango

= Brchground
Hith
R WASP

Predicted
concentration
based on
historic data
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Date

MASS (kg)

Total metal mass
transported through
2 months of snowmelt

Metal Load Estimates for GKM Release,
Snowmelt 2016 at Durango

10,000,000 -
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More than enough to
account for all of
deposited mass
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%

Lead (and other
metals) accumulated
in sediment in lower
Animas during and
after Gold King
plume

Large storm 3 weeks
after release cleans
deposits from river

Metals in water then
increased

Carried into San Juan

Important for water
quality

Snowmelt
concentrations in S}
increased—does this
happen every year?

ey
[=]

1

Total Concentration {mg/L)

Sediment Concentration {mg/kg)

Every observation at two locations over time
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Summary at 6 locations in lower
Animas at key times during year

Lower Animas River
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Theory for why metals increased in the lower Animas River
during the Fall after the Gold King Release

Post-event Animas River prior to Fall 2015 storms

« . Dissolved Metals Dissolved ions exchange between
the water and deposited
Fe and Al hydroxides
Act like “sponge” for trace metals
Scavenge metals from water

Deposited Yellowboy
Sediments

Post-Event Animas River after Fall 2015 storms

. « . Dissolved Metals W . Fall storms removed the sorptive
“sponge” of yvellowboy from the
Animas in New Mexico
allowing dissolved metals to
remain in the water and travel
downstream

Silverton Durango Farmington
km 16.4 94.5 190.2
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Concentrations of metals
(lead) in San Juan River

Influenced by Animas
near confluence in
Farmington

Were elevated during
plume--undetectable
at lower reaches near
Mexican Hat

Also elevated in water
and sediment during
snowmelt season

Lead main metal
detected

Water Concentration —higher lead detectable during Gold King plume and snowmelt

San Juan at Mexican Hat (RK 421)

San Juan at Farmington RK 196 to 204
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What
Water

e Most metals significantly lower after Gold King in the middle Animas (Colorado)
e Elevated Iron and Aluminum in lower Animas after August storms (New Mexico)
e Elevated Iron and Aluminum in San Juan throughout the period (NM, UT, Navajo)
Sediment

* Despite large deposited mass, no significant increase in river sediments

d Statistics Confirm About Post-Event Metals—Fall 20157

What Remains to be Established?

Water

 We saw a Gold King signature far down the San Juan during snowmelt
(RK 350km — Montezuma Creek). Will that reoccur in later years?

* Can we reliably establish baseline relationships between Aluminum and other metals as
evidence to confirm the end of GKM influence in the system?
Sediment

*  We expect to see higher sediment mass moved during snowmelt every year in Colorado.
Will we also see elevated metals during snowmelt in lower Animas and San Juan in 20167

1,000

(=3
(=]

Concentration (ug/L)

[=]

Lead in Relation to Aluminum
in San juan River

TOTALLEAD Sa

& Post
s Near GKM Peak

# Historic

100

§,000 10,000 100,000 1,000,000

Aluminum Concentration (ug/L)
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EPA Conceptual Monitoring Plan Implemented 2016

— Proposes to answer this question by comparing
observed concentrations to water quality criteria

— To assist OW in doing this for F year monitoring
results, we have done this screening

®  About the Criteria

— Multiple states and tribes located at different
points along the river

— Criteria address both total and dissolved fractions

— Cover a wide range of concentrations depending
on beneficial use

— Many tribal criteria thresholds much lower than
states

Surface Water Quality Screening Criteria

24 metals x 40 criteria : 1400+ samples

s R s
v N N o N N I

Barium | seryitiun | Cah calcium | chvomin| cobait

o P
R R N

D050

--
0. B

o
i | -."ama | i

_0 003%: -"1 H05; GA3RL
----

27 N N % W 7

Sontsh oo | I T e
PO T % :
Loson | Dooal el o] io -m-m

.0:083;
Sty i | i -
m---- T - s

g ? oni |
------

Screening Criteria toninum] sntimony | avsenic
e o
Domestic — L
Water Supply Domestic Water Supply Navalo Nation DDA
orinkdng water Ute Muntan ute
oay Colorade
Primary Himan Contact Navajo Nation
Recreation | e [
o o Lot wes | _ute Mountan ute -
Contact corcomsmnpion | wevomnme | |
hecreations vt
eazatons negons
rigation tegions s |
rigation New Msien
uteh
ush
Agriculture Agicultival Uses utsh
Agricultural Supply Nayajo Mation
Agioutture
Revised Agwater sy | Region
Agioture Coonto
stk Regions
Uestock updated Regions
Livestock Hsestock Now thoies
Uestock utah
Livestock Watering Navajo Naticn
widite Habtat New Moies L
scute Agond widite | avso Nation
et Warm Water Dibass]  Lowwen |
i Aete Regions
Aquatic Acute Region3 Ri3SET:
P wewmei SRS (o]
Worm Wate Fish utan b5 ||
Aquatic Life | ettt ey v Lowwe]  Losase
Cvenle Warm Water ] aii
st Aete coosts | RAMR| | s |
regons S | TEa e
Chvoni Ag ant Widite | Novao Nation
wewmei {3l i ]
conaso_Lindsag| |iniso |

15

ED_004888_00035966-00015




Exceedances
During the Interval From August 2015 to August 2016

Count of exceedances: yellow in box indicates at least 1
Number of Exceedances Observed in Monitoring Data
& .
There were Number of Exceedances Observed in Monitoring Data New Mexico ANIMAS RIVER
water quality Colorado ANIMAS RIVER
n= 416
exceedances ﬁ
. n= 371 Domestic Supply 0 & 3 0 0 0
d urin g th e Irrigation B 0 0 0 0 0
- Domestic Supply 1-Day| o Livestock| o 0 0 0 0 0
Gold Ki ng Agricalture| Wildlife Habitat| o o 0o 0o 0 o
plume Aquatic Acute Aquatic Acute; @ 0 0 4 0 0
Aquatic Chronic Aguatic Chronic 55 13 0 7 1 2
¢ There have
Preliminar
been Number of Exceedances Observed in Monitoring Data y ) o
UTAH SAN JUAN RIVER Number of Exceedances Observed in Monitoring Data
exceedances New Mexico SAN JUAN RIVER
post-event - 300
n=223 ---""QQ &(\
& Some Domestic Source 5 2 0 LA
Recreational| o© o 0 0 0 0 Domestic Supply ¥ 1 0 0 0
e peated’ SOIMNE Irrigation (short-term)| 4 0 0 0 0 0 Irrigation I 0 0 0 0 0
Irrigation {long-term)| iz 0 0 i 0 0 Livestock 0 0 0 0 0
StOI"m eve nt Agricultural Uses 0 0 i o Wildlife Habitat 0 0 0 0 0
Livestock i3 0 0 0 0 0 Aquatic Acute 54 0 0 7 0 0
I"Elated Warm Water Fish 1-hr| 0 0 4 2 0 Aquatic Chronic | 113 B 0 : 1 8
Warm Water Fish 4-day il 0 7 2 8
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Tribal criteria
establish
significantly lower
thresholds for many
criteria

Exceeded frequently

Many exceedances
can be explained by
natural sediment
loads

Number of Exceedances Observed in Monitoring Data

NAVAJO NATION SAN JUAN RIVER
n=589 &S
& s
Domestic Water Supply 154 0 0 14
Primary Human Contact 0 51 25 0 0 0
Secondary Human Contact 0 381 0 0 0 0
Agricultural Supply 22 0 0 0 0 0
Livestock Watering 0 53 0 0 0 0
Acute Ag and Wildlife 552 1 0 0 g 1
Chronic Ag and Wildlife 586 3 0 0 § 169

Number of Exceedances Observed in Monitoring Data

UTE MOUNTAIN UTE SAN JUAN RIVER
Preliminary ey ey
W G

Drinking Water| 205 54 0

Ceremonial, other uses 0 50 0

Fish consumption 0 0 0

Agriculture 0 i 0

Acute Warm Water] 13¢ 2o 0

Chronic Warm Water 0 200 0 205 5 181

Challenge for Office of Water

* How to interpret
monitoring data for
“importance” of Gold King

Challenge for ORD

- » Can we identify which of

these exceedances belong
to Gold King?
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uality Criteria San juan .
Jignment with Background Conditions San Juan at Shiprock
August 2016

Total Lead in Relation to Aluminum
in San Juan River

1@ Non Plume

| & Near GKM Peak : Correlation technique can help
Baseline with sorting Gold King effects
from natural background
metals and pre-existing
 Livestock: contaminated conditions

t & During
# Storm

(=4
(=]

San Juan River

s o & Near Plume Peak
Navajo k: . ST N3

" Human Contact’ 1 & Before and After
Natural sediment loads in the
San Juan ensure that aluminum
will almost always exceed some
of the New Mexico, Utah and
Navajo criteria

(=]

w~ & NMED Acute
Aquatic

NNEPA Acute Ag

Concentration (ug/L)

=== NNEPA Chronic Ag

Total Aluminum {mg/L)

10,000 1,000,000

5,000 10,000 15,00

Aluminum Concentration (ug/L) Suspended Sediment Concentration (mg/L)
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ORD produced hydrologic and geochemical evaluations of the Gold King
release during and for a year following the release

Post event water quality response from August to October 2015 varied by
location

Animas in Colorado returned to background

Animas in New Mexico and San Juan River had elevated metals above
expected

— Chronic exceedances of water quality criteria revealed by monitoring

2016 snowmelt had elevated metals throughout the system-—

partly from Gold King, partly from historic mining impacts Next Steps:

— Model results and analyses indicate GKM metals now out of rivers * Finalizing ORD Report

— 2016 samples after snowmelt at pre-event levels at all locations Working with OWOW to have ORD report support
—  We have a “fingerprint” unique to identify metals of the Gold King release EPA obligations for a 1 year monitoring report

There were water quality exceedances before, during the plume and post Evaluating monitoring needs going forward
event varying by location and state or tribe, some due to Gold King Publish findings

19
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ORD/NERL

Kate Sullivan, Hydrology, project lead

Chris Knightes, WASP lead, water quality

Mike Cyterski, Data analysis, statistics

John Washington, Geochemistry

Steve Kraemer, Groundwater

Craig Barber, Fish effects

Lourdes Prieto, Data acquisition and GIS

Anne Neale, Megan Mehaffey, EnviroAtlas

Brian Avants; Mike Mangiante (EPA ORISE Fellows)

Elena Horvath & Megan Culler (EPA Student Services Contractors);
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Compiled State and Tribal Water Criteria

Surface Water Quality Screening Criteria mg/L

W t |'t Screening Criteria Aluminum | Antimony | Arsenic | Barium | Beryllium | Cadmium | Caldium |Chromium| Cobalt Copper iron tead I i | Wlercury hotybdenu Nickel i Selenium | Silver Sodium | Thallium |Vanadium| Zinc
ater Quality
riteria omeote oottt |t 5 Loow o] lwews| ||
i I - soso | viooe
Domestic Supply 1-Day Colorado --wm -o,nnsn - M wu\oozn - Bilg -
» Use both fecrestion sy tumenconse | v ten e [aoo | Lowme| Lo |
dissolved and oo | oy compion | v timmsne || wose [oamoos| | [ I
total fractions Regins | 1700 | ooero | owso | a0 | oaw | oosse | | woo loow | ew | umo | oee | | veo | vose |ome | s |
e Alotof Iigatin sorterm) woh | o | | e | oo o | oso | ose | e | e o | | oo |
Irigation {long-term) Utah —5,0 —OJB -&010 —0,10 —0,050 —O.ZB —5& —5.0 m —cmu —uiw -10
variation for Agriculture | pyatustvees || (oo | | ow | I
the sa me metal Agriculture Ute in Ute - - -m

Revised g WterSuppty | ogions ow | s
depending on TN v 1w ]
Livestock Region & - w:ma .!!!E!. 'LB .!E!. wn,m l!w ”O,IB a!.
use and entity ORI S
+ States genera"y Wildife Hobitat New Niexico ] ] ] ] IR
L Acte Ag ond Witdife | NavsjoNtion ‘ oo loows | | om | |oaos]
similar s o worer | _ure oumoinue | 0050 | | paso | !
* Tribal criteria o ]
tend to be P e I .
lower gt choni oo | ooso lomeo | oo | sow | oo |

- & L] H
We screened post release data against all criteria Some require water hardness measure
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